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New hydrophobic potvmer comprising fluorine moieties 

The invention is concerned with a composite material having a support 
which is at least partially covered by a hydrophobic polymer comprising 
fluorine moieties a method for separation of molecules at hydrophobic 
surfaces comprising the composite material of the invention, a 
chromatographic column or cartridge at least partially filled with the 
composite material according to the invention, a membrane-like item 
comprising the composite material of the invention, an item comprising 
the composite material according to the invention and other materials 
as well as the use of the composite material of the present invention, 

A lot of chromatographic materials are known for the separation of 
various substances. Of particular importance are hydrophilic materials 
such as silica gels and modified surfaces based on the silicacious 
material. 

Usually the surfaces of hydrophilic materials are modified with 
hydrophobic moieties in order to obtain a chromatographic behavior of 
choice. The available chromatographic supports can be used for several 
purposes, especially, when chromatographic procedures are combined. 
However, it is still necessary to get new materials in the field of 
separation of biomolecules, such as nucleic acids with other 
characteristic features. 
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It is an object of the present invention to provide a material which is 
able to bind specifically proteins and RNA and other substances, but not 
DNA and which, therefore, is particular useful for fast sample 
preparation of DNA e.g. for PCR. 

According to the invention, a composite material is provided having a 
support which is at least partially covered by a hydrophobic polymer 
comprising fluorine moieties obtainable by a process comprising the 
steps of 

• contacting the support with a crosslinkable compound having at least 
one olefinic double bond until the support at its surface is at least 
partially covered with the crosslinkable compound having at least one 
olefinic double bond, 

• followed by fluorination of the support at least partially covered with 
the crosslinkable compound having at least one olefinic double bond, 

• removal of unreacted material, if any, and recovering the composite 
material having a support which is at least partially covered by a 
hydrophobic polymer comprising fluorine moieties. 

Combining the high binding capacity for proteins and the porous 
structure of the composite material DNA can be separated from other 
substances in one step. 

The main advantages of this new material are the ease of handling and 
the speed of the separation process. DNA is contained in the flow- 
through (cartridge methods) or in the supernatant (batch methods). 
Bound proteins and RNA can be eluted separately by a gradient and 
subsequently analyzed if needed. 
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Preferably the support of the composite materia! of the invention is a 
porous inorganic material selected from the group comprising inorganic 
metal oxides such as oxides of alumna, titanium, zirconium, silicon 
and/or iron. In particular preferred is porous glass which is used in the 
way as controlled pore glass (CPG). Typically, this shows pores in the 
range of 10 to 200 nm (medium pore size). 

According to the invention, crosslinkable compounds can be used which 
have at least one olefinic double bond, for example oligomers of a 
substituted or unsubstituted olefinic diene, such as C 4 through Cio 
olefinic diene, in particular butadiene, isoprene, chloroprene and/or 
piperilene. 

Preferably, the averaged molecular weight of the oligomer is in the 
range of 2 kDa to 300 kDa. 

The fluorination of the support material is performed with XeF 2 , 
optionally under inert gas conditions. In an other embodiment of the 
present invention, the fluorination takes place in a mixture of fluorine 
and nitrogen or an other suitable carrier gas. Use of a carrier gas is 
advantageous in order to modify the reaction conditions. If for example, 
a moderate reaction is necessary or desirable, the content of the 
fluorine or the XeF 2 in the carrier gas can be decreased. If an organic 
linkable compound is used which is less reactive, then the concentration 
of fluorine as a fluorine gas or XeF 2 can be increased. It is also possible 
to combine the use of XeF 2 , fluorine gas as well as suitable carrier gas 
such as nitrogen. The reaction is preferably carried out by dissolving the 
oligomeric olefinic diene in a suitable inert, in particular volatile, solvent 
and fill the porous inorganic support into the solution. After removing 
the solvent, the inner and outer surface of porous inorganic material is 
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at least partially covered by the olefinic crosslinkable compound and can 
be fluorinated as mentioned above. The composite material obtainable 
according to this invention can be used for chromatographic 
separations. 

A chromatographic column or cartridge, which is used conventionally, 
can be filled with composite material of the invention. The composite 
material of the invention behaves similar to other solid chromatographic 
supports so that the methods for filling chromatographic columns or 
cartridges can be used in an analogous manner. The support for 
carrying out chromatographic separations can also be provided in the 
form of a membrane-like item comprising the composite material of the 
invention wherein the composite material is embedded in a membrane 
such as a nylon membrane. Also other membrane materials which are 
used in preparation, isolation or separation of biomolecules can be used 
as matrix for embedding a composite material of the present invention. 

The composite material of the invention can be used in chromatographic 
methods for separation of molecules at hydrophobic surfaces. In 
particular, biomolecules such as nucleic acids, proteins, polysaccharides, 
low molecular weight substances such as inorganic or organic 
molecules, in particular antibiotics can be separated. 

In order to ease the use of a chromatographic material of the present 
invention it is advantageous to provide the composite material 
according to the invention in a loose form or a chromatographic column 
or cartridge or membrane-like item together with filter materials, 
reagents and/or buffers or other devices or chemicals for performing 
sample preparation and chromatographic separations. This item can 
especially be provided in form of a kit. The chromatographic separation 
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is not limited in its scale. It can be used in any chromatographic 
operation for separation, isolation, identification, purification and/or 
detection of biomolecules, in particular nucleic acids, in preparative or 
analytical scale. 

The invention is further explained in the following examples which are 
understood to be not limiting. 



Example 1: 

An amount of 2.5 to 15 g of the porous support (e.g. controlled pore 
glass) with an averaged pore diameter from 10 to 200 nm and a 
medium surface density from 30 to 88 m 2 /g is transferred to a glass 
ampoule. The ampoule is connected to a vacuum source and via a valve 
to a reservoir containing the solution of the butadiene-oligomer in 25 ml 
n-hexane (MW = 10,000; 40.1 % 1.2-links; t| 50 » = 12.2 Pa.s with a 
mass of 0.06 to 1.7 g/g S up P ort). After weighing in the support a vacuum 
is applied to the ampoule. When the support particles stopped moving 
(after approx. 20 min.) the oligomer solution is filled into the ampoule 
from the bottom while the vacuum is closed. During this step the 
oligomer solution is wetting the support and penetrating into the pores 
of the support particles. Now the valve to the oligomer reservoir is 
closed and the sorption of the oligomer onto the particles surface is 
continued. The solvent (n-hexane) is then evaporated in vacuo (in a 
water bath at 75 - 80°C). The dried product is taken out of the ampoule 
and then fluorinated. Fluorination is carried out by processing the 
surface of the oligomer-coated support with gaseous xenon difluoride 
(XeF 2 ). 

This is performed in the following manner: An amount of 5 g of the 
dried, oligomer-coated support is filled into a cylindrical reactor vessel. 
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The vessel is made out-of fluoroplastic-4mb. It has a wall thickness of 1 
mm and a volume of 0.15 I. On the bottom and on the top the reactor 
has connections which are sealed with a nickel net. The net has low 
mesh openings not to pass the support particles through. Another 
reaction vessel with the same dimensions is filled with 1 g XeF2. The 
opening on the top of this vessels is connected to the bottom opening of 
the vessel with oligomer-coated support by a tube made of 
fluoroplastic-4mb. The bottom outlet is connected to a source of argon. 
To the system a vacuum is applied by a pump connected to the outlet 
on the top of the coated-oligomer containing vessel. The residual 
pressure amounts to 13.3 kPa. The argon flows through the vessel with 
solid XeF2 and is enriched with XeF 2 by passing through. 

The argon-XeF2 mixture streams through the oligomer-coated support 
which is thereby fluorinated. The fluorination process is continued for 
0.25 to 3 h at 20 to 50°C. Thereafter the argon-XeF 2 mixture is flushed 
out of the system with air. 

The fluorinated sorbent is poured out of the reactor vessel and 
degassed under a flow box. Then the prepared material is washed with 
20 ml methanol (p. a.) per gram and at the end dried at 70°C in a 
vacuum drying oven. 

Example 2: 

10 g controlled pore glass (CPG) MPS-2000 GC, (medium pore size 200 
nm, medium surface density 30 m 2 /9) are filled in an ampoule and 
evacuated for 20 min. A solution of the oligomer in n-hexane (0.06 g/g 
MPS-carrier) is added and the solvent is evaporated. For fluorination the 
oligomeric-covered CPG is transferred into a reactor vessel and treated 
with gaseous XeF 2 under argon for 2 h. 
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The sorbent is transferred into a funnel with glass filter disc and washed 
with 200 ml methanol (p. a. grade). The washing solvent is sucked 
through by means of a (water jet) pump. The washed sorbent is dried at 
70°C in a vacuum drying oven. It is white and hydrophobic. 

Example 3: 

The covering is made analogous to the method described above in 
Example 2. The time for fluorination is 3 h. 

Example 4: 

The procedure is as in Example 3. 

Carrier; lOg MPS-1150 GC (medium pore size 100 nm, medium surface 
density 39 m 2 /g) 

Amount of oligomer in n-hexane: 0.08 g/g carrier. 
Example 5: 

The procedure is as in Example 3. 

Carrier: 10 g MPS-250 GC (medium pore size 24 nm, medium surface 
density 34 m 2 /g) 

Amount of oligomer in n-hexane; 0.069 g/g carrier. 
Example 6: 

The procedure is as in Example 3. 

Carrier: 10 g CPG-10-240 (Fluka, medium pore size 24.2 nm, medium 

surface density 88.1 m 2 /g) 

Amount of oligomer in n-hexane: 1.7g/g carrier 

Example 7: 

The procedure is as in Example 3. 
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Carrier; 10 g CPG-10-500 (Fluka, medium pore size 520 nm, medium 
surface density 48.6 m 2 /g) 

Amount of oligomer in n-hexane; 0.1 g/g carrier 
Example 8: 

The procedure is as in Example 3. 

Carrier: 10 g CPG-10-1000 (Fluka, medium pore size 972 nm, medium 
surface density 37.9 m 2 /g) 

Amount of oligomer in n-hexane; 0.08 g/g carrier 
Example 9: 

The amount of 0.3 - 0.5 g sorbent is incubated overnight in 50 % 
methanol at room temperature. The mixture is transferred into a 
cartridge and equilibrated with at least 20 vol. TE-buffer (0.02 M Tris- 
HCI, pH 7.5, 1 mM EDTA). 200 pi of a sample which contains the 
plasmide pBR322, RNA and proteins in TE-buffer are put onto the 
cartridge. The cartridge is eluated with TE-buffer and 400 pl-fractions of 
the eluate are collected. The clean DNA is in the first fraction as it can 
be proved spectroscopically and gelelectrophoretically (0.8 % agarose 
gel). RNA and proteins can be eluated with 50 % methanol off the 
cartridge. 

Example 10: 

The polymer covered sorbent is prepared as in Example 9 and filled in a 
column (length 10 mm, inner diameter 40 mm). A 200-pl-sample 
containing 2 mg pBR322, RNA and proteins is put onto the column and 
separated chromatographically (flow rate 1 ml/min). 
The eluent is a A-B-gradient; 
A: 10 mM Tris-HCI pH 7.5 

B: A + acetonnitrile (1:1 v/v) following the scheme: 



BNSDOCID: <WO 0041B07A1_I_> 



WO 00/41807 



PCT/EP00/00117 



- 9 - 



0 - 7,5 min: 



100%A, 0% B 
80% A, 20% B 
0 % A, 100% B 



7.5 - 15 min: 



15 - 20 min: 



Example 11: 

The plasmide DNA is purified by a chromatographic separation with a 
column filled with the sorbent as described in example 10. However, the 
gradient used is 

0 - 70% isopropanoi in 10 mM Tris-HCI pH 7.5. 
Example 12: 

The sorbent prepared as described previously can be used for the 
specific binding of biologically important macromolecules which are to 
be separated or purified. For the same purpose unwanted components 
of mixtures (e.g. RNA, proteins) can be bound specifically. 

The mechanical stability of the sorbent due to the stable inorganic 
carrier offers possibilities of use as fillings in cartridges and columns and 
for purifications in batch performances (particle suspension). 

Testing of the Sorbents 

A. Mercury Porometrv 

The porogrammes obtained by testing the sorbents based on MPS-2000, 
MPS-1150 and MPS-250 show an even distribution of the pores 
depending on the pore size of the starting material. The medium coating 
thickness of the polymeric layer is 50 - 75 A. 

B. Determination of the Hvdrolvtic Stability 
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Samples of the sorbent based on polyfluorbutadiene-covered MPS and a 
sample of the prototype (MPS covered with PTFE) were incubated for 16 
h under basic conditions (pH 11) and centrifugated (3000 rpm, 1 min). 
Aliquots of the supernatant were taken and mixed with a solution of 
ammonia molybdate and sulphuric acid. Spectra were recorded from 
these mixtures. A peak at X = 360 nm indicates the presence of silicon 
molybdate, formed when silicon ions are resolved from the particles 
under basic conditions. Non-modified carrier particles showed the 
highest peak. The smallest peaks referred to the those surface-modified 
particles which had been fluorinated for 3 h in an argon atmosphere. 
The hydrolytic stability of these sorbents was increased to the 2- to 34- 
fold. 

The described modified sorbents (based on MPS-250, MPS-1150, MPS- 
2000 and CPG 10-240) were used for the purification of genomic DNA 
from lysates of Escherichia coli. 

1. An overnight culture was made from the strain E. coli LM 109 (50 pi 
bacteria cells, 10 ml medium, 37°C 

2. From this culture 1 ml was centrifugated in micro centrifuge tubes. 

3. After removal of the supernatant the bacterial pellet was suspended 
In 100 pi buffer 1 (2 mg/ml lysozyme, 2 mM CaCL 2 , 100 mM Tris- 
HCI pH 7.9, 4 % succrose) 

4. For cell lysis the suspension was incubated for 8 min. at 60°C. 

5. 100 pi buffer 2 were added (1 % MIRA Tensid-Mix, 1.5 mM EDTA) 
and cooled to room temperature. 

6 The mixture was shaken 10 min. at room temperature and incubated 

for further 5 min without shaking at room temperature. 
7. The mixture was centrifuged for 2 min. at 13,000 rpm. 
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8. The supernatant was given onto a sorbent-packed column and eluted 
with TE-buffer. 

Preparation and use of the sorbent 

The sorbent is wetted for 24 h in methanol. Then the methanol 
supernatant is decanted and the sorbent washed 4 times with TE buffer. 
While stirring the sorbent in TE buffer is degassed under vacuum in an 
exsiccator. Cartridges are packed with this sorbent suspension (120 
mg/ml). 

A bacterial lysate (see above, step 8) from 1 ml of overnight culture is 
prepared and pipetted onto the cartridge and eluted with TE buffer. Six 
fractions with a volume of 500 pi are collected immediately after the 
cartridge starts to drop. The fractions are further analysed by agarose 
gel electrophoresis (0.8 % agarose in 89 mM Tris; 89 mM boric acid; 2 
mM EDTA) at a constant current of 100 mA. 

Gels are stained with ethidium bromide. Genomic DNA but not RNA is 
found in the second fraction. The DNA containing fraction is measured in 
a spectrophotometer. The ratio of the absorption A 2 6o:A 2 8o of such 
fractions is in the range of 1.65 to 1.75. 
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Claims 

1. A composite material having a support which is at least partially 
covered by a hydrophobic polymer comprising fluorine moieties 
obtainable by a process comprising the steps of 

• contacting the support with a crosslinkable compound having at 
least one olefinic double bond until the support at its surface is at 
least partially covered with the crosslinkable compound having at 
least one olefinic double bond, 

• followed by fluorination of the support at least partially covered 
with the crosslinkable compound having at least one olefinic double 
bond, 

• removal of unreacted material, if any, and recovering the 
composite material having a support which is at least partially 
covered by a hydrophobic polymer comprising fluorine moieties. 

2. The material according to claim 1 wherein the support is a porous 
inorganic material selected from the group comprising inorganic 
metal oxides, such as oxides of alumina, titanium, zirconium, 
silicon oxides, and/or iron oxides. 

3. The material according to claim 1, wherein the crosslinkable 
compound having at least one olefinic double bond is an oligomer 
of a substituted or unsubstituted olefinic diene, such as C 4 through 
Cio olefinic diene, in particular butadiene, isoprene, chloroprene 
and/or piperilene. 
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4. The material according to claim 3 wherein the averaged molecular 
weight of the oligomer is in the range of from 2 Da to 300 Da. 

5. The material according to claim 1, wherein the fluorination is 
performed with XeF 2 and/or a mixture of fluorine and nitrogen. 

6. A method for separation of molecules at hydrophobic surfaces 
comprising the use of composite materials having a support which 
is at least partially covered by a hydrophobic polymer comprising 
fluorine moieties according to claim 1. 

7. The method of claim 6 wherein the molecules to be separated are 
biomolecules such as nucleic acids from the DNA/RNA type, 
proteins, polysaccharides; low molecular weight substances such as 
inorganic or organic molecules, in particular antibiotics, detergents, 
salts. 

8. A chromatographic column or cartridge at least partially filled with 
composite material according to claim 1. 

9. A membrane-like item comprising the composite material of claim 1 
wherein the composite material is embedded in a polymeric matrix, 
such as a nylon membrane. 

10. An item comprising composite material according to claim 1 in 
loose form or chromatographic columns or cartridges according to 
claim 8 or a membrane-like item according to claim 9, optionally in 
combination with filter materials, reagents and/or buffers or other 
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devices or chemicals for performing sample preparations or 
chromatographic separations. 

11. Use of a composite material having a support which is at least 
partially covered by a hydrophobic polymer comprising fluorine 
moieties according to claim 1 in any chromatographic operation for 
separation, isolation, identification, purification and/or detection of 
biomolecules, in particular nucleic acids, in preparative or analytical 
scale. 
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